Background: The main function of the mucociliary system is the removal of particles or substances that are potentially harmful to the respiratory tract. The tuning fork therapeutic for the purpose of bronchial hygiene has still not been described in the literature. The optimal vibration frequency to mobilize secretions is widely debated and varies between 3 and 25 Hz. It is expected that a tuning fork is able to generate vibrations in the thorax, facilitating bronchial hygiene. The aim of the present study is to develop tuning forks with different frequencies, for use in bronchopulmonary hygiene therapy.
is influenced by age and position in the respiratory tract [3] . Under normal conditions, the cilia of the septal mucosa and inferior turbinates beat at a frequency of 12 to 15 Hz (beat/second). This rhythm follows a coordinated sequence, producing a metachronal wave, the control mechanism of which remains unknown. The metachronal wave directs the flow of mucus in the nasal cavities toward the nasopharynx, oropharnyx and hypopharynx, where the secretion is swallowed [3] .
Ultra-structural alterations of the cilia, such as the absence of inner or outerdyne in arms and the deletion or transposition of pairs of central or peripheral microtubules, lead to significant changes in the ciliary rhythm frequency and pattern, thereby causing the stasis of secretion and repeated respiratory infection, as occurs in primary ciliary dyskinesia [4, 5] . Ciliary rhythm is dependent on the viscoelastic properties and clearance of the respiratory mucus. The lining of the ciliate epithelium is composed of respiratory mucus and periciliary fluid. In disease conditions, there is an intense change in the composition of the mucus, with direct and indirect effects on mucociliary function, mainly due to changes in the viscoelastic properties of the respiratory mucus [3] . Considering the importance of changes in mucociliary clearance to the physiology of the airways, it is fundamental to develop methods that allow an analysis of mucociliary clearance in both the experimental setting and clinical practice [3] .
Respiratory physical therapy is an effective resource in the prevention and treatment of different respiratory diseases and consists of maneuvers designed to increase lung expansion and eliminate secretions [6] . Bronchopulmonary hygiene maneuvers are a form of respiratory physical therapy involving thoracic percussion and postural drainage for the removal of pulmonary secretions. These procedures are commonly performed in patients with acute or chronic airway disease conditions. The literature shows divergent results regarding the efficacy of these maneuvers. Nonetheless, such procedures continue to be widely used in clinical practice [7] . The most often employed respiratory physical therapeutic maneuvers are pulmonary percussion, assisted cough, cough stimulation, forced expiratory maneuvers, diaphragm and costal stimulation, postural drainage, and vibrocompression (combination of vibration and compression) [6] . A literature review on percussion, vibration, high-frequency oscillation, and mechanical compression of the thoracic wall in the clearance of the airways concluded that mechanical vibration may enhance mucociliary clearance and that high-frequency thoracic compression is more promising than high-frequency oral oscillation [8] .
In a study involving physical therapists with experience in intensive care units, three sets of eight vibrations were applied to the thoracic wall of an intubated dummy on mechanical ventilation. The vibrations were applied at the onset of expiration (optimal), from the middle to the end of inspiration (early) and from the onset to the middle of expiration (late). Air flow, peak inspiratory pressure, and volume were measured continuously. The forces applied during the vibrations were recorded by a sensor under the hands of the physical therapist. The authors concluded that that safety and efficacy of respiratory physical therapy are influenced by the rhythm of the vibrations within the respiratory cycle; early vibrations can increase peak inspiratory pressure, whereas late vibrations, while not harmful, are not effective at increasing peak expiratory flow [9] .
The indication of respiratory physical therapy in children with bronchiolitis is controversial and there is no evidence of its efficacy in improving the clinical status of patients [10] [11] [12] . Moreover, bronchopulmonary hygiene modalities and auxiliary devices are limited in clinical practice by the presence of alterations in the thoracic cage stemming from osteoporosis, which renders percussion unviable, or the level of consciousness required for the use of the Flutter device [13, 14] . In order to enrich bronchopulmonary hygiene methods and enable the treatment of patients who exhibit these limitations, it is necessary to develop a piece of equipment that is not affected by such limitations.
According to Lyon Consensus Conference (1994), vibrations, by non-instrumental means, in an oscillatory motion should be applied to the chest to obtain a desired optimal frequency, from 3 to 75 Hz, thereby modifying the rheology of the bronchial mucus. When using the manual Technical Production, if induces a frequency of 1-8 Hz, unable to perform bronchial assistance for the transport of mucus [15] .
Due to the discrepancies in the literature on the ideal frequency for an effective vibration, the design of a tuning fork is suggested for therapeutic purposes based on the fact that such an instrument produces mechanical vibrations that can trigger the thixotropic property of mucus and can be implemented in situations in which manual therapy is contraindicated, such as in cases of ribs fractures or osteoporosis.
Objective
The aim of the present study is to develop tuning forks with different frequencies, for use in bronchopulmonary hygiene therapy.
Availability and requirements
This study was carried out at the Faculdades Integradas de Bauru (SP), Brazil and received approval from the Ethics committee of the same institution under process number 022/11 OSH.
The tuning forks must be applied at an angle of 90°d irectly on the chest wall of the patient after pulmonary auscultation for location secretion. The operation of the device occurs when there is an approximation of the winding extensions by means of a tweezers movement and subsequent abrupt withdrawal of the fingers generating mechanical vibration ( Figure 1 ).
The first tuning fork was made with a fixed frequency of 25 Hz and it was recorded in the Brazilian institution of patent registration: InstitutoNacional de Propriedade Industrial (INPI) with the title: Device Oscillator Thoracic Hardeners (DIOTTIX). The patent was called Utility Model (UM), under the process number: 9101697-5. This device generate a frequency of 25 Hz has a weight of 521 g, with dimensions of 600 mm in total length. The bottom end containing a transducer with a diameter of 62 mm and a thickness of 5/16 mm (8''), has a rod removable 148 mm, fork length of 362 mm and an extension at the upper end of sinuous shape bilaterally.
Results
This study shows the result of the development of other three tuning forks of different dimensions to generate different frequencies. The device with a frequency of 12 Hz has a weight of 1,199 g, and dimensions of 638 mm in total length, the bottom end containing a transducer with a diameter of 62 mm and a thickness of 5/16 mm (8''), a removable rod of 148 mm, a fork of 362 mm length and an extension at the upper end of sinuous shape bilaterally.
The tuning fork with the frequency of 15 Hz has a weight of 842 g and dimensions of 626 mm in total length, the bottom end containing a transducer with a diameter of 62 mm and a thickness of 5/16 mm (8''), a removable rod 148 mm, fork length of 362 mm and an extension at the upper end of sinuous shape bilaterally. The device with the frequency of 20 Hz has a weight of 608 g, its dimensions were 630 mm in total length, the bottom end containing a transducer with a diameter of 62 mm and a thickness of 5/16 mm (8''), a rod removable 148 mm, 362 mm of a fork length and an extension at the upper end of sinuous shape bilaterally.
The operation of the tuning forks occurs when there is an approximation of the extensions of the sinuous shape by means of a pincer movement and subsequent abrupt withdrawal of the fingers generating mechanical vibration (Figure 2 ). With certain devices achieving the desired frequencies, using different weights and fine tuning fork end was required.
The tuning forks is a generator of mechanical waves. To measure the frequency generated by the device was necessary to transform the energy generated by the equipment, from mechanical nature to electrical oscillation. In this procedure a piezoelectric crystal transducer was used, because this component has the ability to generate electric current in response to a mechanical pressure. Applying the piezoelectric crystal on the basis of the transducer, the energy from the mechanical oscillation into electrical current was obtained, thus making possible the visualization of the signal generated by the oscilloscope through. To measure the frequency generated by the tuning forks they were coupled to a piezoelectric crystal and the oscilloscope displays the amplitude and frequency of the waves. Each tuning fork was verified individually. The frequency of mechanical vibration hit by developed pitch (12, 15 and 20 Hz) was measured by a digital oscilloscope (Tektronix, Model: TDS 220, 100 MHz, Sao Paulo -SP, 1995).
Discussion
The tuning fork was created by John Shore in 1711 for musical purposes. This device is a steel fork that produces a sound vibration at a particular frequency when struck [16] . Ernest Heinrich Weber, German physician, professor of anatomy and physiology at the University of Leipzig, was the first to describe the use of the tuning fork in medicine in 1825. Weber believed that his experiences with the tuning fork in medicine would be used one day for the diagnosis of hearing problems, so he created the Weber test, with the aim to differentiate conductive and sensory hearing loss. In 1855, Heinrich Adolf Rinne used a tuning fork to differentiate bone conduction from air conduction on the same side of the head in hearing loss (Rinne test). Both the Weber and Rinne test continue to be employed in clinical practice and are widely cited in the scientific literature [17] . The tuning fork with 128 Hz is routinely used in neurologic medicine for diagnostic purposes. Vibratory sensitivity (paresthesia) is determined through contact between the tuning fork and bone prominences. A reduction or absence of vibratory sensitivity may indicate injury or disease of the peripheral nerves or dorsal columns of the spinal cord [18] . The use of a tuning fork in the detection of fractures is infrequent in literature. The first study about this topic was carried out by Bache and Cross (1984) , who studied the use of a tuning fork and stethoscope on femur fractures [16] . The 128 Hz tuning fork and stethoscope have also been used to differentiate sound conduction between injured and healthy limbs [19] . In 1997, Moore used a tuning fork and stethoscope to assess possible long bone fractures [20] .
Vibration is a rhythmic or random movement of a structural element or machine part -a repetitive movement from a position of rest. In nature, numerous systems oscillate around a position of rest. In real-world systems, such oscillations are normally dampened, diminishing gradually with time without the application of any external stimulus. This effect stems from the dissipation of energy that occurs during the oscillations (Moore MB: The use of a tunning fork and stethoscope in evaluating possible fractures. Unpublished master's thesis. 1997). To propagate the oscillations is necessary to have elastic properties. The movement of a vibrating body is transmitted to the adjacent molecules, which transmit this movement to surrounding molecules before returning to a state of equilibrium [16] .
The oscilloscope is a device that allows the graphic visualization of electrical signals, demonstrating how a signal varies over time on the vertical axis (Y), representing the amplitude of the signal (tension), horizontal axis (X), representing time, and Z axis, representing intensity (brightness). This device allows to determine the continual and alternating components of a signal, detecting (and sometimes eliminating) noise interference and comparing two signals (digital or analog) in a given circuit in both the input and output of the components. This equipment is used in numerous applications, such as the analysis of the functioning of the electronic control units of an automobile, vibration analysis of a motor and the analysis of signal conditioning circuits for instrumentation systems and biomedical systems [21] .
Respiratory mucus is a non-Newtonian fluid, whose mechanical properties are altered in accordance with the intensity and frequency of the force applied to it. Thus, studies addressing the action of this frequency on mucus are of considerable importance, as low-frequency stimuli (1 to 10 radians/second) reflects the transport by mucus and high-frequency stimuli (100 radians/second) simulates coughing or sneezing [3] . The ideal vibration frequency capable of mobilizing the largest amount of secretions is a subject of debate. For greater efficiency, vibrations should meet the following criteria: application on region to be treated in perpendicular direction during expiration, with a frequency ranging from 3 to 25 Hz [22] . Another study reports that the best frequency for secretions clearance is between 12 and 17 Hz. However, clinical trials have not demonstrated greater efficacy in high-frequency oral oscillation (9.2 to 25 Hz) in comparison to conventional physical therapy in patients with chronic bronchitis or cystic fibrosis [23, 24] . The intratracheal oscillation generated by the Flutter® VRP1 device ranges from 6 to 20 Hz in the expiratory phase [25] .
Jones and Rowe (2011) carried out a systematic review of randomized studies involving forced expiration, coughing, thoracic percussion, vibration and postural drainage in individuals with chronic obstructive pulmonary disease (COPD) and bronchiectasis. Only seven studies fulfilled the inclusion criteria, totaling 126 patients. In the majority of comparisons, bronchopulmonary hygiene procedures did not produce significant effects regarding improvements in secretion clearance or lung function. The authors concluded that these data do not support the indication or contraindication of bronchopulmonary hygiene by means of physical therapy in patients with COPD or bronchiectasis [7] . Another study reports that an increase in support pressure in intubated patients increases mucociliary clearance, whereas the addition of manual vibration with thoracic compression in combination with this increase in support pressure does not offer benefits regarding bronchopulmonary hygiene [26] .
A systematic review was carried out in 2011 on randomized studies including forced expiratory maneuvers, cough, thoracic percussion, vibration and postural drainage in patients with COPD and bronchiectasis. In the majority of the studies the techniques of bronchial hygiene produced significant improvements related to a better removal of secretions and to a better lung function, but the authors concluded that there is not enough evidence to suggest or not suggest the bronchial hygiene maneuvers in patients with COPD or bronchiectasis [9] .
In some respiratory diseases like COPD, asthma, bronchiectasis and cystic fibrosis, characterized by a large production of mucus, there could be a reduction ofmucociliary clearance and an increase in mucus production, which consequently affects the flow and the permeability of the airways, and causes inflammation. In this context it is fundamental to develop methods that improve mucociliary transport [27] . Inside the respiratory therapy there are multiple techniques that improve and optimize the bronchial hygiene contributing to a better ventilation, oxygenation and pulmonary function. The manual respiratory techniques and the auxiliary devices to bronchial hygiene present some clinical limitations, like broken ribs and hemodynamic instability that limited chest wall percussion. On the other hand, the decrease in conscious level and endotracheal tube limited the use of Oscillating Positive Expiratory Pressure Devices [7, 14, 28] .
The DIOTTIX (Dispositivo Oscilador Torácico Tixotró-pico, patente para aprovação, Vilage Marcas e Patentes S/S Ltda., as. 84172) device has never been used in the clinical practice with the bronchial hygiene purpose. This device has a promising future in respiratory therapy, but we need to understand all effects before propose it as a technique. It is very important to carry out abasic research with DIOTTIX, however the purpose of this study is only the development and laboratory testing of three different models of tuning forks with different vibration frequencies. The next step will be represented by the performance evaluation of DIOTTIX in healthy subjects and in COPD patients to determine whether the frequency of 12, 15, 20 e 25 Hz respectively, when applied to thorax, effectively reach the calibrated frequencies. Finally, it will be needed to evaluate the efficacy in mobilizing lung secretions. We are going to carry out this assessments in the next future.
Conclusions
The tuning fork models developed in this study generated different frequencies proposed by the scientific literature as effective in the mobilization of pulmonary secretions. Therefore, it can be used as a technique of bronchopulmonary hygiene in respiratory therapy. However, the paucity of studies in this area emphasizes the need for more research on the frequency of vibration and wave propagation in the thorax. 
